The exosubstance of Rhodococcus equi in a prepurified form strongly enhanced the hemolytic effect of certain strains of Listeria monocytogenes. The strains which produced positive synergic hemolysis with this exosubstance were also pathogenic for guinea pigs and white mice. The other strains, which remained nonhemolytic in the presence of the R. equi exosubstance, were apathogenic for those animals. A routine test was devised for the in vitro determination of the pathogenicity of L. monocytogenes strains.
Listeria monocytogenes, well known for its antigenic and pathogenic heterogeneity, is now regarded as a single species (18) even though there are reasons for distinguishing two or even three separate species (13, 20) . Apart from the existing species, also called the "classical" pathogen (9, 10, 16) , the recognition of another previously described (11) pathogen, Listeria bulgarica, has been proposed (12) . It is especially recommended that the apathogenic strains be recognized as the species Listeria innocua (16) . However, the apathogenicity of this species is not absolute (15) . Besides pathogenicity and antigen structure, there is a further common characteristic of the proposed species: hemolytic activity. The colonies of L. monocytogenes are generally said to be surrounded by a zone of hemolysis when cultivated on agar with ovine erythrocytes. Only the strains of serotype 5 (L. bulgarica) have colonies surrounded by a zone of total hemolysis and a peripheral zone of partial hemolysis. An exosubstance producing partial hemolysis is similar to staphylococcal beta toxin (3) . Phospholipase C production has been established in an L. monocytogenes strain (14) , and the production of phospholipase D has also been described (19) . Strains of serotype 6 (L. innocua) are nonhemolytic (16) . Hemolysis of some classic pathogenic L. monocytogenes strains is, however, not particularly striking, and it is recommended that staphylococcal beta toxin be used to increase hemolytic activity (4, 7, 9, 10, 14) . A still stronger hemolytic effect was described in the zone of activity of the exosubstance of Rhodococcus (Corynebacterium) equi (5, 8, 12) . This exosubstance, more recently designated equi-factor (1, 2), does not hemolyze alone (5, 8) . The subject of this study is the establishment of a routine test for the precise differentiation of hemolytic and nonhemolytic L. monocytogenes strains and the correlation of hemolytic activity to pathogenicity.
MATERIALS AND METHODS Media. The media used were nutrient agar CM 3, brain heart infusion CM 225, brain heart infusion agar CM 375, and Columbia agar base CM 331, all from Oxoid Ltd. For hemolytic tests, 5% washed ovine erythrocytes were added to the agar base. Nalidixic acid and acriflavin were added to some media as previously described (6) .
Bacterial strains. The strains used were R. (Corynebacterium) equi NCTC 1621, Staphylococcus aureus CCM 6188, previously known as K-126 (17) , and the following L. monocytogenes strains from the Czechoslovak Collection of Microorganisms (CCM) and from the laboratory of one of the authors of this paper: (i) 64 strains of serotype 1/2 without determination of H antigens; (ii) 4 strains of serotype 1/2a, including CCM 5576; (iii) 1 strain of serotype 1/2b (CCM 5879); (iv) 2 strains of serotype 1/2c, 1 of which was CCM 5577; (v) 1 strain each of serotypes 3a (CCM 5578), 3b (CCM 5880), 3c (CCM 5881), and 4a (CCM 5779); (vi) 8 strains of serotype 4b, 1 strain of serotype 4c, and 1 strain of serotype 4d (CCM 5883); (vii) 6 strains of serotype 5, including CCM 5884; (viii) 46 strains of serotype 6, including CCM 5885, without determination of H antigens, 21 strains of serotype 6a, and 2 strains of serotype 6b; and (ix) 1 strain of serotype 7 (CCM 5886). The hemolytic properties of the listeria strains used were assessed on ovine blood agar.
Prepurified bacterial exosubstances. Beta toxin was obtained from the above-mentioned S. aureus strain by the cellophane-on-agar technique and subsequent precipitation with acetone as described previously (17) . The determination of activity units (AU) was performed by making use of a tube test with ovine erythrocytes and the hot-cold effect. To obtain the exosubstance of R. equi (ERE), the same method used for staphylococcal beta toxin was used. The assay for the activity of ERE was based on synergistic hemolysis with staphylococcal beta toxin. To the tubes containing a series of ERE dilutions we added a suspension of ovine erythrocytes that had been exposed for 20 min at room temperature to staphylococcal beta toxin. The volume of the mixture in each tube was 1 ml, and the concentration of the erythrocytes corresponded to 1%; the amount of staphylococcal beta toxin was 5 AU/ml. An AU was the final concentration of ERE which gave complete hemolysis within 1 h at room temperature.
RESULTS
The hemolytic activity of all listeria strains was examined on ovine blood agar. Punctiform cultivation was used since it gives results that can be more easily evaluated than those obtained from cultivation in streaks. The strains of serotype 5 grew in colonies surrounded by a narrow zone of total hemolysis and a broad peripheral zone of partial hemolysis, resembling the effect of staphylococcal beta toxin. A second group of strains grew in colonies surrounded by a narrow ring of total hemolysis, whereas the rest of the strains failed to hemolyze (Fig. 1) .
On the basis of these results, the pathogenicity of all listeria strains on the eyes of guinea pigs and in mice inoculated intraperitoneally was investigated. The strains represented by i on Fig. 1 , belonging to serotype 6, were apathogenic for both kinds of laboratory animals. The strains of other serotypes were pathogenic and caused death in white mice and conjunctivokeratitis in the eyes of guinea pigs. With regard to hemolytic activity, the pathogenic strains formed three groups: the serotype 5 group, with characteristic bizonic hemolysis, represented by 5 on the plates; the group represented by M2, which produced a narrow zone of total hemolysis around its colonies; and the nonhemolytic group represented by m1.
A further series of experiments was used to test the synergistic hemolysis of listeria strains with strains of S. aureus and R. equi (Fig. 2) . The strains represented by i on Fig. 2 were nonhemolytic in the staphylococcal beta toxin zone and in the ERE zone. Strains represented by m1 produced only slight hemolysis in the staphylococcal beta toxin zone and a negative or slightly positive hemolytic effect in the ERE zone. The listeria strains represented by m2 expressed synergistic hemolysis in the zones of both bacterial indicator strains, especially in the ERE zone. Hemolysis of strains of serotype 5 was not affected in the S. aureus beta toxin zone but was intensively enhanced in the ERE zone.
In additional assays, S. aureus and R. equi were replaced by staphylococcal beta toxin and ERE. Both exosubstances were adjusted to a concentration of 2,000 AU/ml and were streaked on the surface of blood agars. The listeria strains were cultivated in streaks perpendicular to those of the exosubstances (Fig. 3) . The strains represented by i grew without hemolytic effect. The pathogenic listeria strains without hemolytic activity of their own, represented by m1, were slightly hemolytic in the staphylococcal beta toxin zone and gave a substantial hemolytic reaction in the ERE zone. The strains represented by M2 had slightly enhanced hemolysis in the staphylococcal beta toxin zone and strongly expressed synergistic hemolysis in the ERE zone. The hemolytic activity of serotype 5 strains was not affected by staphylococcal beta Fig. 1 and 2 on ovine blood agar. The streaks legends to Fig. 1, 2 , and 3 cultivated across a streak of lead perpendicularly to prepurified staphylococcal prepurified ERE (E). The hemolytic interactions are beta toxin (B) and prepurified ERE (E). The hemolytic evident. effects of the interactions are pronounced.
toxin but was strongly enhanced in the ERE zone.
In view of these results, a cross-streak technique was used for demonstrating the synergism produced by ERE and the pathogenic strains of L. monocybogenes. With this technique, an increased intensity of positive reactions of the pathogenic strains was obtained, whereas the apathogenic strains of serotype 6 remained nonhemolytic (Table 1, Fig. 4) .
The results of cultivation on ovine blood agar containing 5 AU of ERE per ml are shown in represented by m2 were surrounded by a broad zone of total hemolysis; the colonies represented by m1 were surrounded only by a narrow zone. The colonies of serotype 6 grew without hemolysis.
The final assay was made on medium the same as that described above but supplemented with acriflavin and nalidixic acid, which negatively influenced the hemolytic effect of the listeria strains. The hemolysis least affected was that of serotype 5 strains. There was a marked decrease in the hemolytic manifestation of strains represented by M2, and the hemolytic effect of the strains represented by m1 was completely suppressed. Serotype 6 strains continued to be nonhemolytic (Fig. 6) .
The incubation temperature used in these experiments was 37°C. The reactions could be evaluated after 24 h of incubation and were quite clear after 2 days. The best results were obtained on blood agars prepared from Columbia agar base.
DISCUSSION
Our findings support the data referring to the advantages of the use of the hemolytic synergism of L. monocytogenes and R. equi (5, 8) over the analogous cooperative hemolysis of the beta toxin of S. aureus (4, 9, 10) . The possibility of distinguishing L. monocytogenes from Erysipelothrix rhusiopathiae by means of interaction with R. equi (5) is extended here to include the feasibility of differentiation within the species L. monocytogenes or a simple method for differentiating newly proposed species of the genus Listeria (12, 16) . The use of prepurified exosubstance seems to be superior to the use of the bacterial strain since the synergistic hemolysis is more pronounced and the results can be standardized by adjusting for various AU. Since only prepurified ERE was used in our study, we should choose a designation different from equifactor, the latter being recommended for the purified product (1, 2) . This factor was charac- FIG. 6 . Growth on medium the same as that described in the legend to Fig. 5 
